Specific Example of How In Vitro Assays Have Been Used 
at RJRT as Part of a Toxicological Evaluation Program 


Eclipse 

R J Reynolds has developed a cigarette that primarily heats tobacco. Under die FTC pufiSng 
ppgimen, the mainstream smoke from this cigarette is reduced signiiicantiy in a nundier of 
chemical compounds when conqiared with other dgar^tes of similar delivery (Borgcnhng 

etoi., 1998). The mainstream particulate matter (CSC) has beoi evaluated in the neuttal red 
cytotoxicity, Ames, SCE and dmimosomeabenadmi assays, and the whole smoke (vt^rpbare 
plus particulate) has been evaluated in die SCE and neutral red cytotoxicity assay (Bombid^ B. 
et aL, 1998; Bombick D. et aL, 1998). The geootoxic potential of cigarette smoke condensate 
fiom cigarettes that primarily heattobacco is rignificantly reduced compared to that of mgarettes 
that bum tobacco, evidenced by significant leducdon in die indacdon of Ames bacterial 
mutagenicity, chromosomal abcuadons, and sister chromatid exchanges. Hie data fiom diese 
studies are presented in Figures 3 throu^ 10. 

Summary 

• RJRT has actively pursued the developmoit of cigarettes with the potential to reduce 
risks by; 

1. Continuing to pursue general and specific smoke constituent reductions in tobacco- 
burning cigarettes. 

2. Continuing to develop and refine alternative cigarette designs. 

3. Finding ways to alter *^ai^/aic4Mine ratio. 

4. Ensuring no product modifications add to the biological activity. 

• RJRT has developed and ^lied assays to evaluate the progress of cigarette 
modifications. 

• A r^ulatoiy fiamewoik should be designed that allows fiee^madtot finces to develt^ 
products diat have the potential to reduce risks. 

« A tiered testing strategy for toxicological evaluation has been used at RJRT to detemnne 

die level and degree of testing required which include chemical and biologicai assays. 

• Short-term in vitro assays are a subset of&c biological assays wfaidi have been 
developed or applied by RJRT with success for use ou cigarette smoke and cigarette 
smolre condensate. 
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Figure 2. Neutral Red CytotoxicityAssay of Whole Smoke 
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Rgure 5. Chromosome aberration assay of CSC 
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Figures. 


Figure 6. 


Figure 7. 


Chromosome aberration assay of three cigarette smoke condensates without 
metabolic activation. The Cbrotnosome abenadon assay was conducted in 
Chinese Hamster Ovary (CHO) cells according to procedoies described in 
Bombick, B JL et aL, 1998. Cigar^e Smoke Condensates (CSC) were prepared 
under a stand^d FTC pufiQng regiinen of 35 ml puf& of two-second duration 
every minute. The three CSCs tested were Eclipse, a cigarette that prunarily 
heats tobacco; 1R4F, a Kentucky Reference low ‘tar’ cigarette, and 1R5F, a 
Kentucky Reference ultra-low ‘tar’ cigarette. CHO cells were exposed to CSC 
for two hours and harvested 20 hours after initiatioa of treatment Concentration 
is e;q)ressed as ug Total Particulate Matto- (TPM) per ml of media. 

Chromosome aberration assay of three cigarette smoke condensates in the 
presence of metabolic activation. The Chromosome Abenadon assay was 
conducted in Chinese Hamster Ovary (CHO) cells in the presence of S9 metabolic 
activadon according to procedures described in BmnbidtBJLetai!.. 1998. 
Cigarette Smoke Condensates (CSC) were prqrared under a standard FTC pufSng 
regimen of 35 ml pu£& of two-second duradmi evoy minute. The three CSCs 
tested woe Eclipse, a cigarette that primarily heats tob^xo; 1R4F, a Koitucky 
Reference low ‘tar’ cigarette, and 1R5F, a Kentucky Reference ultra-low ‘tar’ 
cigarette. CHO cells were exposed to CSC fm* two hours in the presence of a S9 
metabolic activadon system, and harvested 20 hours after the initiatirm of 
Ureatment Concentration is e^qxessed as ug Total Pardculatje Matter (TPM) per 
ml media. 

SCE Assay of three cigarette smoke condensates without metabolic 
activatioo. The Sister Chromadd Exchange (SCE) assay was conducted in 
Chinese Hamster Ovary (CHO) cells according to procedures described in 
Bombick,BJl. e/aZ.. 1998. Cigarette Smoke Condensates (CSQ were prepared 
under a standard FTC pufhng regiinea of 35 ml pu£& of two-second duration 
ev«y minute. The three CSCs tested were Eclipse, a cigarette fliat immarily heats 
tobacco; IR4F, a Kentucky Refercaice low ‘tar* cigarette* and IR5F, a Kentucky 
Refaence ultra-low ‘tar’ cigarette. CHO cells were e^iosed to CSC for 
lyjpioximately twenty-four hours and harvested ^]proximately 26-29 hours a&ar 
initiation of treatment Concentration is expressed as ug Total Particulate Matter 
(TPM) per ml media. 
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Legend 


Figure 1. A^essment of cytotoxle potential of tbree cigarette smoke condensates ngmg 
the ^eutral Red assay. The cytotoxic potential of the smoke condensate of 
Ec: .'r. c (a cigarette which primarily heats tobacco) was conqiared with smoke 
condensates from low ‘tar’ 1R4F and IR5F ultra-low ‘tar’ Reference cigarettes. 
Smoke condensates were piepaied under a standard FTC puffing legunea of 35- 
ml poffi of two-sccond diuation every minute. Concentration is expressed as ng 
total particulate matter per mL of cell culture medlunL The cytotoxic tespcmsc is 
expressed as a percoitage of control (cells exposed to solvCTt vdiicie). CHO 
(Qunese Hamsto' Ovary) cells were used in die cytotoxicity assessrumt wifri au 
e:q)osuie time of 24 hours. For complete details see Bombick, B JL et al., 1998. 

Figure % Assessment of cytotoxic potential of the whole smoke from three cigarettes 
using the Neutral Red assay. The cytotoxic potential ofwtiolc smoke from 
Eclipse (a c^arette which primarily heats tobacco) was compared widi die whole 
smoke firom low ‘tar’ 1R4F and ultra-low ‘tar’ 1R5F reference cigarettes. Smoke 
was generated from a 30-pott AMESA smoke generator under a FTC puffing 
regimen of 35-ml puffs of 2-second duration every minute. ConcOTtration is 
expressed as the number of cigarettes per cubic meter. The cytotoxic response is 
ex)»essed as a percentage of control (cells exposed to humidiff ed room air). 
Q^ese Hamster Ovary (CHO) cells were exposed to smoke for one hour and 
cytotoxicity assessed after 24 hours. For conqilete details see Bombick, D.W. et 
al.. 1998. 

Figure 3. Ames assay of three cigarette smoke condensates with TASS without 

metabolic activation. The Ames assay was conducted in the preincubation assay 
according to procedures described in Bombick, B.R. et aL, 1998. Cigarette 
Smoke Conderisates (CSC) were prqiared under a standard FTC puffing regimea 
of 35 ml puffs of two-secmid dui^on every minute. The three CSCs tested were 
Eclipse, a cigarette tiiat primarily heats totecco; LR4F, a Kentucky Rjeferenoe low 
‘tar* cigarette, and 1R5F, a Kontucky Reference ultia-low ‘tar* cigarette. 
Concentration is expressed as ug Total Particulate Matter (^M) per plate. 


Figure 4. Ames assay of three cigarette smoke condensates-with TA98 in the presence 
of metabolic activation. The Ames assay was conducted in the preindfeation 
assay in the presence of S9 metabolic activation according to procedoies 
described in Bombick, B JL ei aL, 1998. Cigarette Smoke Condensates (CSC) 
were prepared under a standard FTC puffing regimen of 35 ml pufi& of two- 
second duration every minute. The three CSCs tested were Eclipse, a cigarette 
that primarily heats tobacco; IR4F, a Kentucky Reference low “tar” cigarette, and 
1R5F, a Kentucky Reference uhra-low ‘tar* cigarette. Concentration is expressed 
as ug Total Particulate Matter (TPM) per plate. 
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Figures. 


SCE assay of three cigarette smoke condensates in the presence of metabolic 
activation. The Sisto: Chromatid Exchange assay was conducted indimese 
Hamster Ovary (CHO) cells in tfac{Hesence of S9 metabolic activation accoidmg 
to procedures described in Boinbi(^B.R.et oil, 199S. Cigarette Smoke 
Coadaisates (CSQ were prepared under a standard FTC pufGng regnnen of 35 
ml pufi&oftwo-secoaddutadoaev^ minute. The three CSCs tested were 
Eclipse, a cigarette (hat primarily beats tobacco; 1R4F, a Kentucky Reference low 
*tar* cigarette, and 1R5F, a Kootucky Refnence ultia-low *tar’ cigatette. CHO 
cells were exposed to CSC for two hours in diepresoK^ of a S9 metabolic 
activation system, and harvested <^7{»t}xiiQately 29-31.5 hours aflerdic initiatioa 
of freatment Conccatration is expressed as ug Total Paiticiilate Matter (1PM) per 
ml media. 

Figure 9. SCE Assay of Whole Smoke. The Sister Ghromatid Exdiange (S(^) assay was 

conducted in Chinese Hamster Ovary (CHO) cells according to proce^hnes 
described inBombidc. DJW.etaL, 199S. SmdKwasge&aatcdhmnaSO-pmt 
AMESA smoke generatorunder a FTC pufSt^re^mai of 35 ml pa£& of 2- 
second duration cvay minute. Concentration is expressed as die number of 
cigarettes per cubic meter. The three CSCs tested were Eclipse, a <%aiette fliat 
primarily heats tobacco; 1R4F, a KentiiclEy Reference low *tar* cigaictte, and 
1R5F, a Kentudey Reference ultra-low ‘tar’ cigarette. CHO cells were exposed to 
snyiife for one hour and harvested 27.5 to 32 hours after the initiatitm of 
treatment 

Figure 10. Human Urinary Mutagenicity Study using TA98 5% S9. The Ames assay was 
conducted by die microsuqpeosioa modification according to procedures described 
in Smidi, et aL, 1996. Twenty-two smokers and 12 nonsmokos were enrolled in a 
4 -wcdcsiii^c crossover stmjy. Each smoker consumed Ec%se cigarettes mi 
i/hoton fcH-a week and their usual brand of cigarettes the odier 3 weeks. Astrictly 
controlled did was administmd to minimize ingestion of mutagenic proteiu 
pyrolysis products. 244iour urine sanqiles were collected weddy, concentrated 
iish?g XAD-2 resin, and tested in flic miaosuqjcasion Ames assay wifli TA98 in 
the presence of S9 metabolic activation. Mutag«iicity is expnss^ as die nundier 
of levertants per 24 hour-urinaiy output 
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